In this study, mixed proficiency level classes of science and engineering university students performed both paper-based and computer-based text analysis using corpora to improve specific language forms such as noun, verb, and prepositional phrases, statements of intent, and results reporting in the production of a 2000-word academic research paper. Pre-and post-language samples for noun phrases and student feedback were analyzed to determine the effectiveness of this approach. Results were grouped into advanced and intermediate level students. Despite 5% and 8% overall gains respectively, more individual gains were seen with the advanced level students. All student responses to questionnaires regarding the usefulness of corpora and the various corpus tasks were positive. While advanced level students seemed to benefit the most from the corpus tasks, 90% of students reported they would use corpus analysis in the future, and 83% felt their writing had improved; thus, intermediate level students also benefited.
1998), the overuse of logical connectors (Milton & Tsang, 1993) , basic grammatical structures such as noun and verb phrases (Chujo & Oghigian, 2008) and ESL university-level writing (Yoon & Hirvela, 2004) . With the exception of Chujo and Oghigian, these studies have been conducted with intermediate or advanced level learners. In fact, there are very few studies at the beginner level (Boulton, 2008) or studies that incorporate data driven learning (DDL) in a class comprised of a range of levels. (For an excellent literature review focused on writing and student attitudes toward corpus use, see Yoon & Hirvela, 2004 .)
The purpose of this study is to investigate the use of text analysis as an aid to EFL technical science and engineering research paper writing in a class of mixed proficiency level university students. The approach is task-based and employs paper-based and computer-based concordancing as well as text analyses of sample journal articles. To determine if the corpus activities had an impact on learning, an analysis of noun phrases was done on pre-and postcourse writing samples. Feedback from students on end-of-term questionnaires was also collected and analyzed.
Case Study Technical Writing
Technical Writing 1 (TW1) and Technical Writing 2 (TW2) are one-semester elective English classes in a science and engineering university faculty. The goal of TW1 is for students to produce a 2,000-word research paper on a topic related to their fields, which is IEEE (Institute of Electrical and Electronics Engineers) -cited and referenced. The goal of TW2 is to write a research paper based on primary-sourced data on a topic in their fields that is formatted to a relevant journal identified by each student. These are the first writing-focused courses offered in the English program, although students in the first year write lecture summaries, and second year students do a collaborative written research project. TW1 is not a prerequisite for TW2, but it is highly recommended.
Participants
Twenty-four students enrolled in TW2 in the fall of 2011 participated in this study. In addition to varied test scores (self-reported scores of 375-975 on the Test of English for International Communication [TOEIC] ), students' listening, speaking, reading, and writing abilities also greatly varied, based on teacher observation and homework assessments. All were third-or fourth-year undergraduate students. Student majors included applied mathematics, civil and environmental engineering, medical bioscience, electrical engineering, chemistry, and applied physics. Weekly classes met for 90 minutes for 15 weeks, which comprised one semester. Ten classes were held in a regular classroom and five classes were held in a computer classroom, as dictated by each weekly objective.
Corpora and Corpus Tools
In a computer room in Week 2, students were shown how to access and use three online corpora: the Corpus of Contemporary American English (COCA) (http://corpus.byu.edu/coca/), Springer Exemplar (http://www.springerexemplar.com/), and the Professional English Research Consortium (PERC) corpus (http://scn.jkn21.com/~percinfo/). All three are both corpora and corpus tools. Although COCA is slightly more complex to use, sample concordances are easier to understand for lower proficiency level students. It is also possible to choose only academic sources for concordance lines. The user interfaces for Exemplar and PERC are very simple; however, the corpora used are taken from journals and professional books and are therefore at an advanced level.
In addition, students were shown how to download and use a corpus tool, Antconc (http://www.antlab.sci.waseda.ac.jp/software.html), and how to create their own corpora by converting sections from relevant journal articles into text files and uploading these into Antconc. They were also given a sample corpus in which the files were separated into title, abstract, introduction, method, results and discussion, conclusion, acknowledgements, and biography sections so that searches could be more specifically targeted. Creating their own corpora with a goal of 20 to 50 text files per section was encouraged and students were given class time and guidance to do so. More advanced students were able to create their own corpora so that searches would be more relevant to their fields; less advanced students had the option of using the provided corpus or the online corpora described earlier. By giving students a hands-on introduction to four different tools and opportunities for guided, supervised trial tasks, they had the option to employ the tool they were most comfortable using. This first computer class was supplemented by additional "gradual and guided" (Kennedy & Miceli, 2001 ) lessons, so students received demonstrations and supervision throughout the course.
Tasks
Corpus searches were done in class and as homework. As in-class group work in a computer classroom, students followed the teacher in doing specific types of searches on a large demonstration screen and the findings were discussed as a group. Subsequently, they did similar individual searches using the corpus of their choice. Corpus work included paperbased non-concordance type text analysis (an examination of texts printed on paper, with no direct computer interaction), computer-based concordancing (an examination of various concordance lines found by typing searches directly into a computer program), and a combination of paper-and computer-based concordancing (viewing paper-based concordance lines and typing additional searches directly into a computer program). In all cases, students did a text analysis, made assumptions about the lexical or grammatical target feature, and then produced practice sentences using their own topic-related technical vocabulary. They were encouraged to search various language forms and produce sentences that would be directly applicable to their final research papers.
Text Analysis of Journal Articles
Non-concordance type text analysis was done with a sample journal article from a journal in their fields provided by each student, and a sample article provided by the teacher. The former was used to understand formatting and organization. The provided article ("the Tesla paper") was examined in detail to analyze various writing aspects such as purpose and style, and specific aspects such as sentence structure (noun phrases [NPs] , verb phrases [VPs], prepositional phrases [PPs] and clauses), logical connectors, referents, and hedging.
Computer-Based Concordancing
In one assignment, students were given a paper-based example of how to find common NPs for technical words using COCA and the "clusters" function in Antconc, and were then asked to search ten keywords related to their topics and write down common NPs. In a related task, they were asked to write practice sentences using these NPs with particular attention to correct articles. In another task, students were asked to search a corpus for clearly [v*] and note common verb phrases; they then wrote practice sentences using verbs from the Academic Word List (Coxhead, 2011) . See Figure 1 . Several computer-based searches were also done in class. Some searches were demonstrated on a large screen and discussed as a group; other searches were done individually, with students choosing the corpus. Examples (not shown) for discussing how to write the method section included prepositional phrases such as at, by, during, from, into, on, through, to, under, and via , and the terms figure, Fig., and Table. Combined Paper-and Computer-Based Concordancing Two tasks used combined paper-and computer-based concordancing: statements of intent and titles. For the statement of intent, students were shown paper-based concordance lines on a large classroom screen and on a handout for the purpose of this and In this paper, which were taken as a screen shot from COCA academic sources. As a group, these were examined to understand how the purpose of a paper could be expressed. For homework, students were asked to use Antconc and the introduction files from their own corpora or any corpora of their choosing to search purpose, aim, objective, goal, and paper. Next, they were asked to look specifically at results for in this paper and write down subjects or verbs commonly following this phrase such as in this paper, we briefly describe, or in this paper, we address. Finally, they were asked to write statements of intent for their papers using both the purpose of this paper and in this paper. A student example is shown in Figure 2 . For addressing titles, students were given a list of previous student research paper titles. In class, they were asked to identify hanging, NP + PP and VP styles and to find and highlight at least five NPs + PPs, and at least five VPs. As homework, using either their own corpora or the mini-corpora in Antconc, they were next asked to look at the titles in the "file view" function and note any conclusions about the general style of the titles. In the next exercise, they were asked to search *tion and *ing with the "concordancing" function and note any common NPs or VPs. Finally, they were asked to write three titles for their papers, one using each style. A student example is shown in Figure 3 . Figure 3 . A student example of producing titles based on data from a corpus search.
Data Collection
Of 24 participants, 15 were identified as having previously taken TW1. Because most TW1 students would have been given instruction on NPs, to have more comparable data, the NPs in pre-and post-samples were limited to these 15 students. The first 250 words from the results section from their previous TW1 papers and their final TW2 papers were analyzed for the percentage of correct NPs from the total NPs. The results section was chosen because students generally received a great deal of teacher feedback for the abstract, introduction, and method sections. An NP was incorrect if there was any error and was counted as incorrect only once even if it contained multiple errors. Examples of correct and incorrect NPs are shown in Table  1 . Feedback on the use of corpus analysis was also collected from all 24 students, using an anonymous Likert-scale questionnaire given on the final day of the term. 
Results and Discussion

Analysis of Noun Phrases
Because the range of TOEIC scores was so broad (375-975), the 15 students were divided into two groups: A (700-975) and B (375-699). The results in Table 2 show that the more advanced students in Group A had a very high number of correct NPs (an average of 93%). All students except one made gains, with one student having a 23% gain. Student 6 (S6) had a net loss of 12%. His TW2 paper used very advanced level language compared to his TW1 paper, and was based on an actual lab experiment. Although he had fewer correct NPs, he submitted a highly technical paper with complex journal formatting (Vancouver style). Overall, the average gain for Group A was 5%. Table 3 shows that the results are mixed for the intermediate level group (Group B) . Although the overall average is +8%, five of nine students had losses or a 0% gain. Two students (S14 and S15) had 17% gains, and another (S13) had an 8% gain. The students who showed losses also had poor listening skills and may not have been able to follow all instructions. For example, one student did not understand that she was looking for articles and NPs; she noted only nouns and her sentences omitted articles. The fact that many of these lower level proficiency students were not as successful in improving NP usage suggests that the corpus work may not necessarily have been as useful or appropriate for them; this supposition is supported by the fact that there are many more studies at the advanced level than at lower levels (Boulton, 2008) . 
Analysis of Questionnaires
Previous studies looking at student attitudes toward the use of corpus linguistics in the L2 classroom show overall positive responses (Chujo & Oghigian, 2008; Thurston & Candlin, 1998; Tribble, 2002) ; this study is no exception. Of 24 questionnaire responses, an overwhelming majority was positive (yes and mostly responses and not really and no responses were combined to calculate percentages). Students reported that they had improved their writing skills (83%) and that the following tasks were useful: learning to use corpora and corpus tools (80%), text analysis of the Tesla paper (75%), looking at paper-based concordance lines (83%), looking at computer-based concordance lines (88%), looking at paper-based statements of intent (75%), searching a corpus for technical words (80%), searching for NPs (80%) and VPs (83%) in a corpus, and searching a corpus for aspects of titles (80%). Encouragingly, 90% of students indicated they would use a corpus in the future to improve their writing. Only 67% reported that they had explored a corpus beyond the assigned tasks and 63% felt that creating their own corpora was useful. A little more than half of the students (58%) expressed a preference for doing the corpus searches in class rather than at home. For the open-ended questions, six students reported that using corpora was the "best aspect of the course" and two reported this was the "most difficult aspect." There were no significant differences in questionnaire responses between the advanced level (Group A) and the intermediate level (Group B) , nor between the students who had and who had not taken TW1. 5. Looking at computer-based concordance lines (such as searching for " Figure" and " Fig." or for articles for NPs) was useful. 
Conclusion
This study is a follow-up to a similar study conducted the previous year (Oghigian & Chujo, 2012) , which found that the use of corpora overall was generally successful based on NP gains and questionnaire responses. However, the data was taken from a smaller sample and students indicated a preference for paper-based tasks rather than computer-based tasks. In that study, students were taught to use corpora at the beginning of the term, but had no additional instruction or in-class supervision; it is not surprising that they preferred paper-based concordance lines. In response, a far greater number of in-class computer-based demonstrations were done in this current study. Numerous paper-based examples were provided as well. Kennedy & Miceli (2001) refer to these guided hands-on tasks as an "apprenticeship approach" and in their study noted a positive overall response from students. They also noted this approach is time consuming; however, teaching students this important skill is well worth the effort. Just as there is value in teaching students how to use a dictionary or thesaurus, or even tools such as word processors and computers, so is there value in teaching corpus analysis. Although the sample for this study is also small, it is believed this approach could be adopted for English for Academic Purposes (EAP) or ESP courses, since students can build their own specific corpora for use with Antconc.
